This study aimed to measure and evaluate the intakes for the four trace elements of Fe, Zn, Mn, and Cu in 3-to 5-y-old Japanese preschool children. The study group consisted of a total of 90 3-to 5-y-old children living in Yokkaichi, Mie, Japan. Diet samples were collected by the duplicate-portion technique on 3 d at three different seasons between summer in 1999 and winter in 2000. The medians of annual mean daily intakes (25th-75th percentile) of Fe, Zn, Mn, and Cu in the 3-to 5-y-old children were 3.1 mg (2.4 to 3.6), 4.0 mg (3.4 to 4.7), 1.3 mg (1.1 to 1.6), and 0.45 mg (0.35 to 0.56), respectively. The annual mean value of the total daily diet intake had significant correlations with the Fe, Zn, Mn and Cu intakes (Spearman's r ϭ 0.55, 0.67, 0.58, and 0.55, respectively; p Ͻ 0.001 for all). There were significant correlations between each mineral intake. The Zn and Mn intakes had differences among ages ( p ϭ 0.003 and 0.005, respectively) and the Zn intake significantly differed between boys and girls ( p ϭ 0.031). The proportion of subjects whose Mn intake was the AI or less was 82%, and the proportions of subjects whose Fe, Zn, and Cu intakes were the estimated average requirements (EARs) or less were 72, 83, and 13%, respectively. Many Japanese children are deficient in Fe and Zn compared with the dietary reference intakes (DRIs). However, data in a balance study examining intakes and excretion of trace minerals are insufficient in children and DRIs for trace elements may change in future.
The essential elements whose daily dietary intakes in adults are below 100 mg are called essential trace elements. Of these trace elements, four minerals of iron (Fe), zinc (Zn), manganese (Mn) and copper (Cu) have a daily intake of 1 mg or more. Since central venous nutrition (CVN) was introduced, there have been many reports that patients receiving CVN become deficient in Fe, Zn, Cu, and/or Mn, and nutritional importance of these trace elements has attracted attention. The deficiencies of energy and protein are generally limited to certain areas where people suffer from poverty. However, it has gradually become apparent that people in affluent countries commonly have potential deficiencies of essential trace elements ( 1 -4 ) . Iron-deficiency anemia accounts for about 50% of anemia ( 5 ) and is not only the most interesting disease among trace element deficiencies, but also widely known. Castillo-Durán and Cassorla ( 6 ) reviewed trace mineral effects in human growth and development, and concluded that Fe deficiency may affect psychomotor development but did not appear to affect human growth, and that Zn deficiency may cause growth retardation. Zn deficiency is known to cause anorexia and hypogeusia etc. ( 7 , 8 ) . The study using rats presented that long-term Zn deficiency decreased taste sensitivity in rats ( 9 ) . In addition, it has been demonstrated that Cu, Mn and Zn are essential in bone metabolism ( 10 ) . However, the dietary reference intakes (DRIs) for such trace elements were established in 1999 in the 6th revision of the Recommended Dietary Allowances for the Japanese, which was used from April 2000 ( 11 ) . The minerals whose recommended dietary allowances (RDAs) were established between 1947 and March 2000 were only three elements: sodium chloride (NaCl), calcium (Ca) and Fe ( 11 , 12 ) . Zn, Mn and Cu were included in 11 minerals that were newly added in the 6th revision (from April 2000) ( 11 ) , but evidence for the establishment of their RDAs does not contain much data on the mineral intakes and results in a balance study in children. The DRIs in children, therefore, have been often established by extrapolating those in adults and could greatly vary according to methods used for determining DRIs ( 11 , 13 ) . The RDA for Fe in 3-to 5-y-old children was 8 mg in boys and girls for half a century until 2005 but decreased by 38% to 5 mg in the Dietary Reference Intakes 2005. Although the National Health and Nutrition Survey (NHNS) was called the National Nutrition Survey (NNS) until 2001, in this paper all these surveys E-mail: alice@dpc.agu.ac.jp are referred to as NHNS. The NHNSs indicated that Fe  intakes in 2001 or later decreased by 30% or more  compared with those until 2000. Such changes are  thought to result from revisions of the Japanese Standard Tables of Food Composition (hereinafter "food  composition table" ).
In order to assess daily intakes for trace elements without depending on the food composition table, in view of cooking effects and seasonal variation, we determined Fe, Zn, Mn, and Cu intakes in Japanese children aged 3 to 5 y using the duplicate-diet technique.
SUBJECTS AND METHODS
Subjects and sample collection. A total of 94 children (30 children aged 3 y, 30 children aged 4 y, and 34 children aged 5 y) from nursery schools and kindergartens in Yokkaichi, Mie, Japan, participated in the survey. Duplicate portions of all foods and drinks that they consumed were collected by the duplication-portion technique for a total of 3 d on 1 d each in summer, autumn and winter during the year 1999 school (April 1999 to March 2000) ( 14 ) . Duplicate diets were collected on normal days, not special days for events in nursery schools or kindergartens and at home, so that regular meals could be collected as samples. The total number of days of diet sample collection was 19 (7 d in summer, 6 d in autumn, and 6 d in winter) in all 94 children. We explained in advance the survey method to all parents of the subjects and staff in the nursery schools and kindergartens. The parents who could not participate in the explanation meeting individually received an explanation of the duplication-portion technique. All parents and staff in the nursery schools and kindergartens were asked to maintain a regular meal pattern, to remove uneaten food such as fishbone and fruit peel from the meal samples and to record the menu, names of materials, and weight of the portion eaten.
Diet samples were collected at home by the parents as follows: a duplicate portion of foods and drinks that a subject consumed at home and tea in a water bottle that a subject brought from home and consumed in the nursery school or kindergarten was put into a previously-provided polyethylene jar with a polypropylene cap (#2104-0032, NALGEN, USA) and stored in a refrigerator, and the collected sample was brought to the nursery school or kindergarten, or handed to the staff in a kindergarten bus on the following morning. In the kindergarten or nursery school, diet samples were similarly collected for all foods and drinks other than tea in a water bottle brought from home, with help from teachers of the subjects. All diet samples collected by the duplicate-portion technique were then stored in the plastic jars. The plastic jars were put in cool containers (4˚C) and carried to the laboratory immediately after sample collection. The total diet consumed was weighed using a balance (AG245, METTLER TOLEDO, Switzerland) and the daily intake was recorded. The contents of diets collected were confirmed from dietary records to be regular meals. The diet samples were homogenized using a commercial blender (HGB-SS, Warring, USA) with a given amount of distilled water at 19,000 rpm for 10 min. After homogenization, the samples were vacuum packed by an automated vacuum packaging machine (Tospack V222, Tosei, Japan) and stored at Ϫ 30˚C. The frozen samples from 4 boys aged 5 y were randomly excluded from those from 94 preschool children, and the samples from 90 children including 30 children (15 boys and 15 girls) each in the 3-, 4, and 5y-old children groups were subjected to this study. The body weight (mean Ϯ SD) was 15.1 Ϯ 2.2 kg in 3-y-old children, 17.0 Ϯ 1.3 kg in 4-y-old children, and 19.1 Ϯ 2.7 kg in 5-y-old children. We present in Table 1 the physical constitution of the subjects participating in this study according to age and sex.
The protocol of this study was reviewed and approved by the Ethical Committee of Aichi-Gakuin University.
Reagents and analysis. The 270 frozen diet samples collected on 19 different days (3 d for each child) were thawed. A diet sample was divided into three samples for analysis (a total of 810 samples). About 15 to 20 g of the sample was transferred into a 100-mL beaker (Pyrex, Iwaki Glass, Japan). Concentrated nitric acid (UGR grade, Kanto Chemical Co., Inc., Japan), 5 mL, was added to the sample and the beaker was covered with plastic wrap for contamination prevention and allowed to stand on a hot plate (HTP552AA, ADVAN-TEC, Japan) at 90˚C for 24 h. The dried sample was removed from the hot plate and 1 mL of hydrogen peroxide solution (Wako Pure Chemical Industries, Ltd., Japan) was added to the sample. The sample was allowed to stand on the hot plate at 120˚C for about 3 min and then 5 mL of concentrated nitric acid was added. The sample was allowed to stand at 120˚C for 48 h. Hydrogen peroxide solution, 0.25 mL, and 1 mL of concentrated nitric acid were added to the sample until the solution became clear and the sample was wet ashed for about 1 wk ( 15 -17 ) . After wet ashing, the beaker was ultrasonic-washed with 0.5 M nitric acid for collecting minerals attached to the beaker. Nitric acid (0.5 M ) was added to the sample to make 50 mL and the sample was stored.
The sample was diluted to concentrations where trace elements (Fe, Zn, Mn and Cu) were measurable by atomic absorption spectrometry to determine the four minerals in the sample with an atomic absorption spectrometer (Z-8200, HITACHI, Japan) using acetylene gas for atomic absorption spectrometry.
The samples were analyzed with a known sample, the ARC/CL total diet reference materials (HDP) of the Agricultural Research Center of Finland, Institute of Food Research and Central Laboratory, to determine the recoveries.
On the other hand, data obtained by the dietary record method was also analyzed using nutrient calculation software based on the 5th revised edition of the Standard Tables of Food Composition in Japan ( 18 ) (Bssic-4 for Windows Version 2.1, Kagawa Nutrition University Publishing Division).
Statistical analysis. The statistical analysis was performed using SPSS 11.0J with a significance probability of p Ͻ 0.05. Normality was evaluated by the Shapiro-Wilk test. Since with the exception of Zn the daily dietary intakes of Fe, Mn and Cu in 3-to 5-y-old children were not normally distributed, data on four minerals were expressed as medians and 25th-75th percentiles. For comparison with data in other surveys, data was also presented as means, standard deviations (SDs) and ranges.
For the Fe, Zn, Mn, and Cu intakes, the Kruskal-Wallis and the Mann-Whitney test were used to compare differences among ages and between boys and girls, respectively. Correlations between each mineral intake were evaluated using Spearman rank-correlation coefficients.
Evaluation of daily intakes. The daily intakes of four trace elements by the duplicate-portion technique and the daily energy intakes by the dietary record method in this survey were compared with data in the NHNS 2003 (performed in November) ( 19 ) . Since there were seasonal variations in the trace mineral intakes by the duplicate-portion technique in this survey, the data in autumn was used in the above comparison. The daily intakes of Fe, Zn, Mn, and Cu by the duplicate-portion technique were also expressed as percentiles and compared with the DRIs in 2005 ( 13 ) .
RESULTS
The recoveries (coefficient of variations) of Fe, Zn, Mn and Cu that were determined using a known sample, the ARC/CL total diet reference material (HDP) of the Table 1 ). The total daily diet intakes (mean Ϯ SD) in 3-, 4-and 5-y-old children were 1,194 Ϯ 231, 1,322 Ϯ 211, and 1,340 Ϯ 151 g, respectively, showing a significant difference among age groups ( p ϭ 0.008) ( Table 2) . Table 3 shows the annual mean values of the daily dietary intakes and the daily dietary intakes per weight of Fe, Zn, Mn and Cu in 3-to 5-y-old children. The daily Zn and Mn intakes showed significant differences among ages ( p ϭ 0.003 and p ϭ 0.005, respectively), and the daily Zn intake also had a significant difference between boys and girls ( p ϭ 0.031). In addition, the daily Zn intake per body weight significantly differed between boys and girls ( p ϭ 0.004). The medians of annual mean daily intakes (25th-75th percentile) of Fe, Zn, Mn and Cu were 3.1 mg (2.4 to 3.6), 4.0 mg (3.4 to 4.7), 1.3 mg (1.1 to 1.6), and 0.45 mg (0.35 to 0.56), respectively. Table 4 presents correlations between the total daily diet intake and each mineral intake. The annual mean value of total daily diet intake had significant correlations with Fe, Zn, Mn and Cu intakes (Spearman's r ϭ 0.55, 0.67, 0.58, and 0.55, respectively; p ϭ 0.001 Table 3 . Daily intakes of iron, zinc, manganese and copper in 3-to 5-y-old Japanese children (nϭ90 children) 1 . All data have two significant digits. 2 Differences among the age groups were assessed by the Kruskal-Wallis test, and differences between boys and girls were evaluated using the Mann-Whitney U test.
Mineral
* pϽ0.05, ** pϽ0.01.
for all). As for correlations between each mineral (annual mean daily intake), there were significant correlations between each mineral (pϭ0.000). Table 5 compares the daily intakes in 3-to 5-y-old children in autumn with data in the NHNS 2003 (19) . The daily energy intake in this study (99%) was similar to that in the NHNS 2003, but the daily intakes of Fe, Zn, and Cu in this study were lower with 58, 67, and 63%, respectively, as compared with those in the NHNS 2003. Table 6 lists the percentiles of daily intakes and the DRIs 2005 (13) for Fe, Zn Mn and Cu in Japanese children aged 3 to 5 y. For Fe, Zn, and Cu, the proportions of subjects whose intake levels were not more than the estimated average requirements (EARs) were 72, 83, and 13%, respectively. As for Mn, the median intake in the study population was 1.3 mg and was less than its adequate intake (AI) of 1.7 mg.
DISCUSSION
We considered that dietary intakes of children in this study were typical data for children in Japan and could be compared with data in the NHNS 2003 in view of the following: (1) the number of days of diet sample col-lection by the duplicate-portion technique was 3 for a year for each subject and the total number of days of diet sample collection was 19 in all subjects (7 d in summer, 6 d in autumn and 6 d in winter); (2) we planned to collect diet samples on normal days, not special days for events, and confirmed that the collected samples were routine meals by checking them against the dietary records after sample collection; (3) the body weights of the subjects in this study were approximately equal to those of children in the NHNS; and (4) the dietary energy intake (meanϮSD) by the dietary record Table  5 ). The duplicate-diet technique reflects actual nutrient intakes by directly analyzing samples without depending on the subject's memory or accuracy of the food composition table and would be a reliable method in the survey for dietary intakes. This technique has high accuracy, but puts a great burden on subjects and costs time and money for the sample analysis. Therefore, there have been not many reports on studies using the duplicate-portion technique. On the other hand, the dietary record method and the 24-h recall method have been widely used in the nutrition survey, but their assumption of nutrient intakes depends on the food composition table. Since the food composition table is generally prepared based on the analytical values of raw foods, the nutrient intakes estimated from cooked food would not be accurate. Kimura and Itokawa (20) have reported that the cooking losses of minerals are large and 30 to 40% of minerals are lost during cooking. The cooking loss of Zn is above 80% (20) . Okada et al. (21) reported that in the study where cooked hospital foods collected for 42 d were analyzed, the Fe intake analyzed was 62% of the value calculated from the food composition table and the cooking loss of Fe was large. These results indicate that the mineral intake estimated from the food composition table was accurate in calculation but was higher than the actual intake level. In the comparison of the calculated values from the food composition table with the analytical values of food materials before cooking, they reported that the Zn, Cu and Mn intakes had no significant differences but the analytical value for Fe was significant lower with 75% of the calculated value. In addition, Skibniewska (22) indicated effects of mineral losses due to use of processed food.
The daily intakes for Fe, Zn, and Cu in 3-to 5-y-old children in this study were about 60 to 70% of those in the NHNS 2003 (19) using the 5th revision (18) of the food composition table modified for the Fe value; the Fe intake level was especially low ( Table 5 ). Considering the recoveries in the known sample were 92 to 96%, differences in the mineral intakes between our study and the National Nutrition Survey do not result from analytical precision. Although, as stated above, the analytical values for minerals were lower than the calculated values, especially for Fe, despite the use of the 5th revision (18) of the food composition table, such results were also similarly observed in the studies using the 4th (23) revision by Kimura and Itokawa (20) and Okada et al. (21) . In the comparison of mineral intakes by the dietary record method with those by the duplicate-portion technique in German children aged 5 to 9 y, the median calculated and analyzed intakes were 5.3 and 5.6 mg for Zn and 0.6 and 1.1 mg for Cu, respectively; the analyzed values by the duplicate-portion technique were lower than the calculated values by the dietary record method (3) . Although such differ-ences might result from differences between the food composition values used in the preparation of the food composition table and those in this survey, we think that the differences could be greatly attributed to mineral loss due to cooking. As Horst et al. (24) indicated that a difference in weights between the 24-h recall method and the duplicate-portion technique is one of the factors of the systematic difference between both methods, the differences in the mineral intakes between our study and the NHNS were thought to result from errors in the calculated values.
In the study by Laryea et al. (3) in German children aged 5 to 9 y, the median Zn and Cu intakes were 5.3 and 0.6 mg, respectively. We searched reports on Fe, Zn, Mn and Cu intakes in Japanese children by the duplicate-portion technique using PubMed. The PubMed search using the keywords of trace, element, duplicate, and Japanese with the age range of 2 to 5 y, produced only one article by Aung et al. (25) , which reported that the mean Zn, Mn, and Cu intakes in 3-to 6-y-old children living in central Tokyo were 4,930, 1,560 and 567 g, respectively. We also compared our study results with reports published in Japanese journals. The review on trace mineral intakes in Japanese children by Suzuki and Goto (26) reported that the respective mean intakes of Fe, Zn, and Cu were 11.68, 12.0, and 3.23 mg in 5.3-to 9.8-y-old children (27) and 9.0, 7.7, and 1.2 mg in 3.4-to 6.8-y-old children (28) . The mineral intakes reported in old Japanese articles are obviously higher, as compared with the mean values in this study (Fe 3.1 mg, Zn 4.0 mg, Mn 1.4 mg, and Cu 0.47 mg) as well as those reported by Laryea et al. (3) and by Aung et al. (25) . The reason why the previous Japanese data apparently tend to show higher intake levels is that the data may have some effects of measuring methods, materials, apparatus, etc., used in the study. Table 6 lists the percentiles of daily intakes and the DRIs 2005 (13) for Fe, Zn Mn and Cu in Japanese children aged 3 to 5 y. The EARs for Fe, Zn and Cu are 3.5, 5.0, and 0.3 mg, respectively, and the proportions of subjects whose intake levels were not more than the EARs were 72, 83, and 13%, respectively. If the proportion of the subjects with not more than EAR in the study population approximately corresponds to that of children with an insufficient mineral intake, there would be considerable numbers of the subjects deficient in Fe, Zn, and Cu. As for Mn, since the median intake in the study population was 1.3 mg and was less than its AI of 1.7 mg, we can not easily determine how many subjects had insufficient Mn intake. Comparison of the recommended nutritional requirements in 3-to 5-y-old children in the Dietary Reference Intakes for Japanese 2005 (13) with those in the 6th revision of the Recommended Dietary Allowances for Japanese 1999 (11) shows that the Fe, Mn, and Cu intakes decreased by 40 to 60%, from 8.0 to 5.0 mg, 2.5 to 1.7 mg, and 1.0 to 0.4 mg, respectively. However, it has not been long since the DRIs for trace elements were established and there is insufficient data in a balance study examining the intake and excretion of trace elements, especially in children. It, therefore, is necessary to solve problems on differences in absorption and bioavailability of trace elements, and interactions of trace elements with other elements, etc. Considering these situations, when trace element intakes are further studied and data on trace elements is increased, the DRIs for trace elements may change in the future.
We examined changes in nutrient intakes in the NHNSs from 1975 to 2004, and the Fe intake remarkably decreased in 2001 or later as compared with other nutrient intakes. The 4th revision of the Japanese standard tables of food composition (23) had been used in nutrient surveys until the NHNS 2000 (29) , but from 2001 the 5th revision (18) has been used. The 5th revision includes various modifications in mineral items, imported food items, and cooked food items and it is obvious that the nutrient intakes in the NHNSs in 2001 or later reflect changes in the food composition table.
The present study showed differences in the Zn and Mn intakes among ages and a difference in the Zn intake between boys and girls ( Table 3 ). The survey for daily mineral intakes by a model menu method in Japanese adults by Ikebe et al. (30) reported that the Mn and Zn intakes were significantly higher in men than women and they indicated that this difference would depend on a difference in the total diet intake between men and women. The intakes of four trace elements in the children were strongly correlated with the total diet intake; in particular, there was a high correlation between the Zn intake and the total diet intake ( Table  4 ). In children, the body weight and the total diet intake significantly differed among ages, but there were no obvious sexual differences in those that were observed in adults (Tables 1 and 2 ). We speculate that such differences influence differences in trace element intakes of children among ages and between boys and girls.
The samples in this study were collected from 1999 to 2000 and we will soon analyze the samples to examine the effects of the trend of the times on the mineral intakes.
